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tenance of electrical devices. In one example, the method 
includes receiving test data that represents an attribute of a 
tested electrical device. The received test data is classi?ed as 
belonging to a client and added to a control set representing an 
aggregate of information from many clients. The received test 
data is processed using a sparse data process if the attribute is 
represented by two sets of test data, and is processed using an 
autoregressive process if the attribute is represented by three 
or more sets of test data. Both the sparse data process and the 
autoregressive process may use information from the client 
and the control set. A future value of the attribute is predicted 
based on the processing, and at least a representation of the 
future value is output. 
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SYSTEM AND METHOD FOR CONDITION 
BASED MAINTENANCE FOR ELECTRICAL 

EQUIPMENT 

BACKGROUND 

Equipment maintenance has become an increasingly 
important aspect of many businesses. Such maintenance has 
traditionally been categorized in various Ways, such as break 
doWn maintenance, preventive maintenance, predictive main 
tenance, and condition based maintenance. 

Breakdown maintenance typically involves allowing 
equipment to run until it breaks, often With the assumption 
that the outage and repair costs Will be less than a mainte 
nance program. Preventive maintenance typically involves a 
calendar-based program that uses a piece of equipment’s time 
off-line to run comprehensive tests on the equipment. Predic 
tive maintenance uses knoWn cause/ symptom/ effect relation 
ships for a piece of equipment in order to predict the need for 
corrective action. Traditional condition based maintenance 
uses an approach that is similar to predictive maintenance, but 
enables scheduled maintenance to be skipped entirely if jus 
ti?ed by the equipment’s test results. Although each type of 
maintenance has its place, breakdoWn maintenance, preven 
tive maintenance, predictive maintenance, and traditional 
conditionbased maintenance all fail to adequately address the 
e?icient provision of maintenance services to electrical 
equipment. 

Accordingly, What is needed are a system and method to 
address the current de?ciencies in the maintenance of elec 
trical equipment. 

SUMMARY 

In one embodiment, a method is provided. The method 
comprises receiving, by a system, test data representing an 
attribute of a tested electrical device, Wherein the received test 
data is associated With a test date on Which the test data Was 
obtained from the tested electrical device. The received test 
data is classi?ed as belonging to a ?rst client of a plurality of 
clients and adding the received test data to a control set 
representing an aggregate of information of the plurality of 
clients. The method determines Whether the attribute of the 
tested electrical device is represented in the system by only 
the received test data, by only tWo sets of test data that include 
the received test data and stored test data corresponding to the 
attribute from at least one previous test performed on the 
tested electrical device, or by three or more sets of test data 
that include the received test data and stored test data corre 
sponding to the attribute from at least tWo previous tests 
performed on the tested electrical device. The received test 
data is stored if the attribute is represented in the system by 
only the received test data, Wherein the received test data is 
not processed. The received test data is processed using a 
sparse data process if the attribute is represented in the system 
by tWo sets of test data. The received test data is processed 
using an autoregressive process if the attribute is represented 
in the system by three or more sets of test data. A future value 
of the attribute is predicted based on the processing by one of 
the sparse data process and the autoregressive process, and at 
least a representation of the future value is output. 

In another embodiment, a method is provided. The method 
comprises receiving, by a system, test data representing an 
attribute of a tested electrical device, Wherein the received test 
data is associated With a test date on Which the test data Was 
obtained from the tested electrical device. The method deter 
mines a difference betWeen the received test data and stored 
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2 
test data corresponding to the attribute from at least one 
previous test conducted on a preceding test date, and deter 
mines Whether the difference exceeds a de?ned threshold. A 
neW designation is assigned Within the system to the tested 
electrical device if the difference exceeds the de?ned thresh 
old, Wherein the neW designation is used by the system to 
differentiate betWeen a ?rst state of the tested electrical 
device before obtaining the received test data and a second 
state of the tested electrical device after obtaining the received 
test data. The received test data is processed using one of a 
sparse data process and an autoregressive process to obtain a 
?rst derivative and a second derivative representing the 
received test data. A probable future position of the attribute 
relative to control information representing information cor 
responding to the attribute for a plurality of electrical devices 
is determined, Wherein the determination is based on the ?rst 
derivative and the second derivative. At least a representation 
of the probable future position is output. 

In still another embodiment, a system is provided. The 
system comprises a database having client information and 
control information stored therein, Wherein the client infor 
mation includes a separate client class containing data corre 
sponding to each of a plurality of clients and the control 
information includes at least one control class containing data 
corresponding to a combination of the plurality of clients. The 
system also comprises a computing device having a processor 
coupled to the database, a memory coupled to the processor, 
and a plurality of instructions stored in the memory and 
executable by the processor. The instructions include instruc 
tions for receiving, by the system, test data representing an 
attribute of a tested electrical device, and classifying the 
received test data as belonging to a ?rst client of the plurality 
of clients, adding the received data to the ?rst client’s client 
class, and adding the received test data to the control class. 
The instructions also include instructions for processing the 
received test data using one of a sparse data process and an 
autoregressive process to obtain a ?rst derivative and a second 
derivative representing the received test data, and determin 
ing a position of the attribute relative to control information 
representing information corresponding to the attribute for a 
plurality of electrical devices, Wherein the determining is 
based on the ?rst derivative and the second derivative. The 
instructions also include instructions for outputting at least a 
representation of a future value of the position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding, reference is noW made 
to the folloWing description taken in conjunction With the 
accompanying DraWings. 

FIG. 1 is a How chart illustrating one embodiment of a 
condition based maintenance method. 

FIG. 2A is a diagram illustrating one embodiment of a 
system that may be used to perform at least a portion of the 
method of FIG. 1. 

FIG. 2B is a diagram illustrating one embodiment of a 
computing device that may be used Within the system of FIG. 

FIG. 3 is a How chart illustrating one embodiment of a 
condition based maintenance method that may be used Within 
the system of FIG. 2A. 

FIG. 4 is a How chart illustrating one embodiment of an 
architecture that may be used to implement the method of 
FIG. 3 Within the system of FIG. 2A. 

FIG. 5 is a diagram illustrating one embodiment of a data 
input component of the architecture of FIG. 4. 
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FIG. 6 is a ?owchart illustrating one embodiment of a 
method that may be used by the data input component of FIG. 
5. 

FIG. 7 is a diagram illustrating one embodiment of a data 
analysis component of the architecture of FIG. 4. 

FIGS. 8-16 are ?oWcharts illustrating various embodi 
ments of methods that may be used by the data analysis 
component of FIG. 7. 

FIG. 17 is a diagram illustrating one embodiment of a data 
output component of the architecture of FIG. 4. 

DETAILED DESCRIPTION 

Referring noW to the draWings, Wherein like reference 
numbers are used herein to designate like elements through 
out, the various vieWs and embodiments of a system and 
method for condition based maintenance for electrical equip 
ment is illustrated and described, and other possible embodi 
ments are described. The ?gures are not necessarily draWn to 
scale, and in some instances the draWings have been exagger 
ated and/or simpli?ed in places for illustrative purposes only. 
One of ordinary skill in the art Will appreciate the many 
possible applications and variations based on the folloWing 
examples of possible embodiments. 

Referring to FIG. 1, one embodiment of a method 100 is 
illustrated. As Will be described in greater detail beloW, the 
method 100 applies actuarial principles to determine equip 
ment maintenance schedules, issue Warnings regarding 
equipment condition, and provide other information regard 
ing tested equipment, such as the probability of failure over a 
certain time period. Accordingly, test results data is obtained 
in step 102. The data may vary based on equipment type, but 
is directed to electrical equipment (e.g., transformers) in the 
present example and so contains test values speci?c to that 
type of equipment. The data may be in the form of raW test 
results (e. g., actual measured values) or may be preprocessed 
to ensure that the data is formatted as desired or otherWise 
manipulated prior to further processing. 

In step 104, the data is received for data input processing. 
Data input processing may perform tasks such as risk classi 
?cation and data manipulation. For example, risk classi?ca 
tion may include categoriZing the data in client and control 
classes, While data manipulation may include maintenance 
restart logic to handle equipment changes that Would skeW 
test results if not addressed. 

In step 106, the data is received for data analysis. In the 
present example, the data analysis includes multiple steps 
based on a second order autoregressive method. The autore 
gressive method is modi?ed to perform speci?c analysis 
functions With respect to the test results data. Although a 
second order autoregressive model is used as the basis for the 
data analysis for purposes of example, it is understood that 
other analysis methods may be used, such as an autoregres 
sive moving average method. 
As is knoWn, parameters of an autoregressive model may 

be collared to ensure that the model remains stationary (e.g., 
that the probability distribution does not change When shifted 
in time or space). Accordingly, some parameters in the fol 
loWing discussion may be collared by ensuring that their 
values do not equal or exceed a de?ned value (e.g., Zero or 

one). 
In step 108, the analyZed data is received for data output 

processing. Data output processing may use the analyZed data 
With actuarial life tables of electrical equipment to provide 
estimated equipment maintenance schedules, probability of 
failure over a certain time period, and similar information 
regarding a single piece of equipment or multiple pieces of 
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4 
equipment. As Will be discussed beloW in greater detail, out 
put information may be tailored in many different Ways to 
produce desired information. 

Referring to FIG. 2A, one embodiment of a system 200 that 
may be used to execute the method 100 of FIG. 1 is illustrated. 
The system 200 receives test data from equipment 202, 204, 
and 206, Which are not part of the system. For purposes of 
example, the equipment 202, 204, and 206 are transformers 
throughout the present disclosure, although it is understood 
that they may represent any type of electrical equipment and 
need not be identical or similar to one another. Furthermore, 
the transformers 202, 204, and 206 may be located at a single 
site (e.g., in an equipment room), may be geographically 
distributed over a large area (e.g., states or countries), and/or 
may be operating in similar or different environmental con 
ditions (e.g., temperature and humidity). The test data is 
entered into a computing device 208, Which is coupled to or 
includes one or more databases 210. The database 210 
includes client information 212, control information 214, and 
raW data 216. 

The client information 212 may include information spe 
ci?c to a particular client and the client’s equipment. For 
example, if the transformers 202 and 204 belong to a ?rst 
client and the transformer 206 belongs to a second client, the 
transformers 202 and 204 Would be associated With the ?rst 
client in the client information 212 and the transformer 206 
Would be associated With the second client in the client infor 
mation 212. The test results for all transformers 202, 204, and 
206 (e.g., of both the ?rst and second clients) are placed in the 
control information 214, Which provides an aggregate infor 
mation source for analysis purposes. In some embodiments, a 
client may only have access to the client information 212 
associated With that client, but may bene?t from the aggregate 
information provided by the control information 214 for pur 
poses of analysis. RaW data 216 (e.g., actual values of test 
results) may also be stored in the database 210. 

It is understood that the database 210 may represent a 
single database or multiple databases. For example, each of 
the client information 212, control information 214, and raW 
data 216 may be placed in a separate database, or various 
combinations of the information may be provided using dif 
ferent numbers of databases. Furthermore, the database 210 
may be distributed and may be accessible via other means 
than the computing device 208, such as via a Web server (not 
shoWn) or other communications component. In other 
embodiments, a Web server or other communications compo 
nent may access the database via the computing device 208. 
In still other embodiments, the computing device 208 may be 
a Web server or contain Web server functionality. 

With additional reference to FIG. 2B, one embodiment of 
the computing device 208 of FIG. 2A is illustrated. The com 
puting device 208 may be a computer (e.g., a desktop com 
puter, a laptop computer, or a server), personal digital assis 
tant (PDA), cellular telephone, or any other device capable of 
transmitting, processing, and/or receiving signals via Wire 
less and/ or Wireline communication links. 

In the present embodiment, the computing device 208 is a 
computer that includes a central processing unit (“CPU”) 
218, a memory unit 220, an input/ output (“I/O”) device 222, 
and a netWork interface 224. The netWork interface may be, 
for example, one or more netWork interface cards (N ICs) that 
are each associated With a media access control (MAC) 
address or may include netWork functionality built into a chip 
in the computing device 208. The components 218, 220, 224, 
and 226 are interconnected by one or more communication 
links 226 (e.g., a bus). It is understood that the computing 
device 208 may be differently con?gured and that each of the 
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listed components may actually represent several different 
components. For example, the CPU 218 may actually repre 
sent a multi-processor or a distributed processing system; the 
memory unit 204 may include different levels of cache 
memory, main memory, hard disks, and remote storage loca 
tions; and the I/O device 222 may include monitors, key 
boards, and the like. 

The computing device 208 may be connected to a netWork 
228 via a communications link 228 provided by the netWork 
interface 224. The netWork 228 may include any electronic 
transport medium, as Well as netWork infrastructure needed to 
provide such support, such as servers and routers. The net 
Work 228 may be, for example, a local area netWork (LAN), 
a Wide area netWork (WAN), a company Wide intranet, and/or 
the Internet. Furthermore, the netWork 228 may support Wire 
less and/or Wired communications using a variety of proto 
cols. 

The memory unit 220 of the computing device 208 and/or 
the database 210 may include a plurality of instructions 
executable by the CPU 218 to perform the method 100 and 
other methods described herein, as Well as instructions to 
store, process, and retrieve data and to implement data struc 
tures, such as an architecture for implementing all or portions 
of the present disclosure. Such instructions may also be stored 
on removable media, such as a compact disc (CD), digital 
versatile disc (DVD), ?ash drive, or any other type of remov 
able media. 

Referring to FIG. 3, a method 300 illustrates one embodi 
ment of the method 100 of FIG. 1 in greater detail. The 
method 3 00 may be executed on the system 200 to provide the 
data input processing, data analysis, and data output process 
ing of the method 100 of FIG. 1. In the present example, steps 
302-306 provide the data input processing 104, steps 308-326 
provide the data analysis 106, and steps 328-332 provide the 
data output processing 108. It is understood that the catego 
ries of data input processing, data analysis, and data output 
processing are for purposes of illustration only, and that steps 
may be placed in different categories Without altering the 
functionality provided by the method 300. 

In step 302, test data is received by the computing device 
208. For example, test data for the transformers 202 and 204 
may be received. In some embodiments, the test data for the 
tWo transformers 202 and 204 may be processed together, 
With one or more steps being performed for both transformers 
prior to moving to the next step (s). In other embodiments, the 
test data for the transformer 202 may be entirely processed by 
the method 300 before the method returns and begins pro 
cessing the test data for the transformer 204. In still other 
embodiments, one or more steps of the method 300 may be 
executed for each test performed on the transformer 202, With 
all or portions of the method 300 being executed repeatedly 
until the different tests are processed for a single transformer. 
Accordingly, steps of the method 300 may be executed in 
many different Ways to process received test data. 

In step 304, the test data is classi?ed by client (e.g., added 
to the client information 212 for a particular client) and also 
the control information 214. In step 306, maintenance restart 
logic may be executed to determine Whether to restart main 
tenance for the individual. An “individual” may be a type of 
equipment that falls Within certain parameters, such as a 
transformer With a particular oil. The de?nition of “indi 
vidual” may vary based on the level of granularity desired by 
the system 200. For example, the transformer 202 may be 
designated “ABC1” before an oil change and “ABC2” after an 
oil change, and ABC1 and ABC 2 may be treated as tWo 
separate individuals. In other embodiments, the system 200 
may treat the transformer 202 as a single individual despite 
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6 
the oil change. As Will be described later in greater detail, the 
maintenance restart logic evaluates current and past test 
results to identify and handle changes in the transformers 202 
and 204 that may disrupt later analysis steps. 

In step 308, the number of available test data values for the 
particular test being processed is determined. In the present 
example, the number of test values is determined to have one 
of three possible values: one test data value (e.g., only the 
received test data value), tWo test data values (e.g., the 
received test value and one stored value), or three or more test 
data values. 

In step 310, if there are three or more test data values, 
parameters for the individual (e.g., the transformer 202) that 
Was tested are determined using the received test data by 
calculating the ?rst and second derivatives (e. g., velocity and 
acceleration). In step 312, client class parameters are deter 
mined by calculating the ?rst and second derivatives and 
position for the client class. This step provides a ?rst and 
second derivative and position information based on a set of 
the client’s individuals (e.g., based on similar individuals 
belonging to the same client as de?ned in the client informa 
tion 212), Where the set may include the transformer 202. In 
step 314, control parameters are determined by calculating 
?rst and second derivatives and position for the control class. 
This step provides a ?rst and second derivative and position 
information based on a set of control individuals (e.g., based 
on similar individuals belonging to the control class as 
de?ned in the control information 214), Where the set may 
include the transformer 202. 

It is understood that “similar” individuals for steps 312 and 
314 may be de?ned in many different Ways, With narrower 
de?nitions restricting the set to individuals that more closely 
match the individual being tested but also providing feWer 
data points for analysis purposes. Accordingly, the de?nition 
of “similar” may be adjusted based on the desired perfor 
mance of the system 200 and the amount of data for a par 
ticular type of individual. For example, a broader de?nition 
may be used if feW possible matches are present in the system, 
While a narroWer de?nition may be used if the number of 
individuals in the system provide many possible matches. In 
step 316, credibility Weighting is performed using the client 
and control class information of steps 312 and 314 to improve 
later statistical estimates. 

In step 318, if there are only tWo test data values, data from 
the control class matching the individual is divided by ?rst 
derivative into bands. In step 320, an average second deriva 
tive is calculated for each band. In step 322, the individual is 
assigned the average second derivative corresponding to the 
band into Which the individual’s ?rst derivative falls. This 
enables an estimated second derivative to be assigned to the 
individual even though the individual is not associated With 
enough data points to enable the calculation of an actual 
second derivative. 

In step 322, if there are tWo or more test data values, a 
prediction function is set for time t. The prediction function of 
step 322 is the ?nal product of the data analysis steps and may 
be used to determine a ?nal position of a given value for use 
in data output calculations. For example, With an input of time 
t, the prediction function enables a prediction for time t to be 
made regarding the individual corresponding to the test data 
(e.g., the transformer 202) and/or other individuals or sets of 
individuals. 

In step 324, if there is only one test data value, the test data 
is stored in the database 210 and no other action is taken. This 
test data may be used When additional test data becomes 
available. 
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In steps 328, 330, and 332, various outputs may be pro 
vided to a user, including failure statistics based on actuarial 
life tables of electrical equipment (step 328), a comparison of 
predicted versus actual results (step 330), and a time to failure 
analysis (step 332). 

Referring to FIG. 4, one embodiment of a softWare archi 
tecture 400 is illustrated. The architecture 400 provides one 
example of a framework Within Which the method 300 of FIG. 
3 may be performed using a system such as the system 200 of 
FIG. 2A. With respect to the architecture 400, it is noted that 
terms such as “component,” “subcomponent,” and “function” 
are used for purposes of convenience in describing various 
portions of the architecture and do not denote a particular 
relationship or manner of operation. 

The architecture 400 includes a data input component 404, 
a data analysis component 406, and a data output component 
408. The data input component 404 receives test results data 
402 and performs its functions using a risk classi?cation 
component 410 and a data manipulation component 412. The 
data analysis component 406 receives information from the 
data input component 404 and performs data analysis using a 
condition based data analysis component 414 that produces 
values for use by a set prediction function component 416. 
The data output component 408 receives information from 
the data analysis component 406 and performs its functions 
using an actuarial life table(s) component 418, a predicted 
versus actual results comparison component 420, and a time 
to failure analysis component 422. Each of the data input 
component 404, data analysis component 406, and data out 
put component 408 are discussed in greater detail beloW With 
their various subcomponents. 

Referring to FIG. 5, one embodiment of the data input 
component 404 of FIG. 4 is illustrated in greater detail. The 
transformers 202, 204, and 206 Will be used throughout the 
folloWing discussion for purposes of illustration. If a single 
transformer is being discussed, the transformer 202 Will be 
used. In the present example, functionality provided by the 
risk classi?cation component 410 is executed before func 
tionality provided by the data manipulation component 412. 

The risk classi?cation component 410 includes a plurality 
of client classes 500 (e.g., the client information 212 of FIG. 
2A) and one or more control classes 502 (e.g., the control 
information 214 of FIG. 2A). One function of the risk clas 
si?cation component 410 is to enable grouping of electrical 
equipment and corresponding test results using various crite 
ria. Using electrical transformers as an example, differences 
in location may play a role in longevity due to difference in 
ambient temperature and humidity. Accordingly, grouping 
transformers that are in the same building, city, etc., may be 
useful in predicting the transformers’ future operational life 
times, performance, and other parameters. 

Each client class 500 is associated With a single client. A 
client may be de?ned in many different Ways, including cus 
tomers, locations, etc. For example, a client may be de?ned as 
a customer, so any business is a single client regardless of 
siZe. Alternatively, a client may be de?ned as a location, so a 
customer having multiple locations Would be represented by 
a separate client class 500 for each location. A location may 
be of different siZes, such as a campus or o?ice complex, a 
single building, or an equipment room. Accordingly, client 
classes 500 may be de?ned in a manner that best ?ts the 
information handled by the risk classi?cation component 410 
and the desired uses for that information. In the present 
example, a client is a location such as a campus/of?ce com 
plex or a single building (if the client is not large enough for 
multiple buildings). 
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8 
The control class 502 (or classes in some embodiments) 

contains information from all the client classes 500. As an 
information aggregator, the control class 502 enables data 
analysis that is performed for a single client to bene?t from a 
much Wider knoWledge base provided by information from 
all clients, although this information may not be directly 
accessible to the single client. The control classes 502 may be 
formatted to enable desired information to be identi?ed, 
aggregated, and applied to a speci?c request. 
The aggregated information may be indexed in many dif 

ferent Ways to provide a desired level of granularity for analy 
sis purposes. Environmental conditions, locations, general 
class of equipment (e.g., transformers), speci?c types of 
equipment (e.g., model of transformer), speci?c parameters 
of equipment (e.g., year transformer Was placed into service 
or manufactured, or current lifetime of transformer), and 
other criteria may be used to identify relevant information in 
the control class for analysis purposes. Accordingly, While a 
single client may directly access only that client’s informa 
tion in the system 200 of FIG. 2A, the client may bene?t from 
the control class in terms of the predictions made by the 
architecture 400. This indirect access of the control class 
information ensures that a much broader pool of knoWledge is 
used for each client, and provides additional data points for 
analysis purposes. It is understood that, in some embodi 
ments, a client may also run various analyses based on only 
the client’s data. 
The folloWing table (Table 1) illustrates information that 

may be used With the risk classi?cation component 410. Table 
l and other tables in the folloWing description de?ne infor 
mation that may be associated With various columns in a 
spreadsheet or ?elds in a database. Unless otherWise noted, 
the ?rst column of each table de?nes the column Where the 
information is located, the second column de?nes the name 
(e.g., type) of information, and the third column describes the 
source of information (e.g., another location or a formula). It 
is understood that Table l and other tables are merely 
examples and that many different formats may be used for 
organizing and presenting the information. 

TABLE 1 

Column(s) Name Formula (Description) 

A Client ID from Client Table 
B Xfmr ID from Name Plate Table 
C Test ID Auto Number 
D Serial Number from Name Plate Table 
E Test Date i 

F . . . N Screen Test Values i 

O . . . W Diagnostic Gas i 

Analysis (DGA) Test 
Values 

As illustrated in Table l, incoming test result information 
for the transformer 202 is sorted into columns A-W. Column 
A contains a client identi?er (ID) obtained from a client table 
stored in the database 210 of FIG. 2A. Column B contains a 
transformer @(fmr) ID for the transformer 202. The trans 
former ID is pulled from a name plate table stored in the 
database 210. Column C contains a test ID that is automati 
cally generated by the architecture 400. Column D contains a 
serial number obtained from the name plate table. Column E 
contains a test date that represents the date on Which the tests 
Were performed. Columns F-N contain screen test values 
obtained from performing a screen test on the transformer 
identi?ed by the transformer ID (column B) on the test date 
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(column E). Columns O-W contain diagnostic gas analysis 
(DGA) test values obtained from performing a DGA test on 
the transformer. 

If the transformer 202 has not been entered into the system 
200, some information shoWn in Table 1 may not be available. 
For example, the transformer ID Would not be available from 
the name plate table if this information has not yet been 
entered. Accordingly, the information is already entered into 
the system 200 for purposes of the examples described herein, 
but must be entered if it is not yet in the system. Furthermore, 
it is understood that the number and types of tests performed 
may vary from those illustrated. For example, different tests 
may be performed on a transformer and different types of 
equipment may require different tests. 

The data manipulation component 412 includes mainte 
nance restart logic 504 and a de?ne random variable function 
506 that de?nes a test value over time 508. The maintenance 
restart logic 504 may be used to handle equipment changes 
that Would skeW test results if not addressed. For example, if 
oil in the transformer 202 is changed or ?ltered, subsequent 
oil quality tests Would likely be signi?cantly different from 
oil quality tests performed prior to the oil change or ?ltering. 
Accordingly, the maintenance restart logic 504 identi?es 
such occurrences based on current and past test values and 
automatically restarts the maintenance schedule for that par 
ticular transformer. This may be done by assigning the trans 
former 202 a neW transformer ID or by otherWise differenti 
ating the transformer tests based on Whether they occurred 
before or after the major change. For example, the trans 
former 202 may initially be assigned the transformer ID of 
“ABC1” and may be assigned the transformer ID of “ABC2” 
after the change is detected. This enables the transformer 202 
to be tracked using the same basic name of ABC, but also 
enables the architecture 400 to differentiate and track major 
maintenance events for the transformer. 

The folloWing table (Table 2) illustrates information that 
may be used With the maintenance restart logic 504. 

TABLE 2 

Column Name Formula (Description) 

A Client ID from Table l 
B Xfmr ID from Table l 
C Test ID from Table l 
D RoW Number Auto Number 
E Serial Number from Table 1 
F Test Date from Table l 
G IFT Improve Current IFT — Previous IFT 

H NN Improve Current NN — Previous NN 
I CN Improve Current CN — Previous CN 

1 Restart If All Improve > 0 Then True, 
Else False 

As illustrated in Table 2, columns A-C, E, and F contain 
information obtained from Table 1, Which is described above. 
Column D contains a roW number that is automatically gen 
erated. Columns G-F provide the logic portion of the main 
tenance restart logic 504. In the present example, the logic 
portion uses three values to determine Whether a restart is 
needed. Column G contains an interfacial tension (IFT) 
improve value, Which de?ned as IFT Improve:Current IFT 
Previous IFT. Column G contains a neutrality number (NN) 
improve value that is de?ned as NN Improve:Current 
NN-Previous NN. Column I contains a color number (CN) 
value that is de?ned as CN Improve:Current CN-Previous 
CN. To determine Whether a restart should be performed, a 
determination is made as to Whether the IFT Improve value, 
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10 
NN Improve value, and CN Improve value are all greater than 
Zero. If yes, a restart is performed. If no, the restart is not 
performed. 

With additional reference to FIG. 6, a method 600 illus 
trates one embodiment of the maintenance restart logic 504. 
In steps 602, 604, and 606, respectively, the values for IFT 
Improve, NN Improve, and CN Improve are determined as 
described above With respect to Table 2. In step 608, a deter 
mination is made as to Whether the IFT Improve value is 
greater than Zero. If the IFT Improve value is greater than 
Zero, the method 600 continues to step 610. If the IFT 
Improve value is not greater than Zero, the method 600 moves 
to step 616 and ends Without initiating a restart. In step 610, a 
determination is made as to Whether the NN Improve value is 
greater than Zero. If the NN Improve value is greater than 
Zero, the method 600 continues to step 612. If the NN Improve 
value is not greater than Zero, the method 600 moves to step 
616 and ends Without initiating a restart. In step 612, a deter 
mination is made as to Whether the CN Improve value is 
greater than Zero. If the CN Improve value is greater than 
Zero, the method 600 continues to step 614, Where the main 
tenance logic for the particular component (e.g., the trans 
former 202) is restarted. If the CN Improve value is not 
greater than Zero, the method 600 moves to step 616 and ends 
Without initiating a restart. 

It is understood that the steps may be in a different order 
than the order shoWn in FIG. 6. For example, the greater than 
Zero determination for each test may occur directly after the 
test value is calculated. Furthermore, the tests may be per 
formed in a different order, different tests may be used, and/ or 
more or feWer tests may be used. Accordingly, the method 
600 provides an example of the maintenance restart logic 504, 
but the present disclosure is not limited to the method 600. 
Any value or values may be used that enable the maintenance 
restart logic 504 to determine Whether a statistically signi? 
cant change has occurred to the individual Whose test results 
have been received. 

Referring again to FIG. 5, data manipulation component 
412 may also include a de?ne random variable function 506 
and a test value over time function 508. This may be used to 
de?ne the test value that is going to be predicted as a selected 
random variable (e.g., any desired variable associated With 
the individual). Other examples of possible test values 
include the change in a test value over time or the percentage 
change betWeen test values. Accordingly, predictions may be 
made for any variable or values selected for use by the test 
value over time function 508. 

Referring to FIG. 7, one embodiment of the data analysis 
component 406 of FIG. 4 is illustrated in greater detail. The 
data analysis component 406 performs data analysis func 
tions using the condition based data analysis component 414 
and also includes a set prediction function component 416. In 
the present example, the condition based data analysis com 
ponent 414 performs operations that produce results used by 
the set prediction function component 416 
The condition based data analysis component 414 includes 

a function 702 for dividing the test results data by signi? 
cance. This is accomplished by choosing a processing path 
for an individual based on the number of test values available 
for that individual. 

In the present embodiment, individuals With three or more 
test values are processed by a component 704 and individuals 
With tWo test values are processed by a component 706. An 
individual With a single test value may be entered into the 
system 200 but not acted upon until further test results are 
obtained and the individual can be processed by one of the 
components 704 or 706. 
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The component 704 is responsible for handling individuals 
associated With three or more test values. This handling may 
include executing functions that include a set individual 
parameters function 708, a set client class parameters func 
tion 710, a set control class parameters function 712, and a 
credibility Weighting function 714. For processing purposes, 
the individual parameters may be based only on information 
from the tested individual. The client class parameters may be 
based on information from multiple individuals that both 

12 
mined as described above With respect to Table 3. In step 816, 
a determination is made as to Whether values calculated in 
steps 804-814 are greater than Zero. Any values greater than 
Zero are set to Zero in step 818 before the method 800 ends. If 
no values are greater than Zero, the method 800 ends. 

Referring again to FIG. 7, the set individual parameters 
function 708 includes calculating a ?rst derivative 716 and a 
second derivative 718. This is described in greater detail 
beloW With respect to Table 4. It is noted that each individual 

belong to_ the tested indtvidual’s Chem and Share de?ned 10 (e.g., the transformer 202 designated as ABC2) is associated 
characteristics (e. g., location, type) With the tested individual. With its Own deviation, Velocity (Lew ?rst derivative)’ and 
ghe °°nt1r91 lclasiipafiamfteis In?’ bedbei‘iseddolilmfonnathn acceleration (e.g., second derivative), and values for each test 
mm mu up e 11,1 1Y1_ua S t at S are ,e 9e, C aractensncs may be calculated for each individual and test date. 
With the tested individual, Where the individuals belong to - - - - 

. . The folloWing table (Table 4) illustrates information that 
mulnple Chems' 15 ma be used With the set individual arameters function 708 

The folloWing table (Table 3) illustrates information that y p ' 
ma be used With the com onent 704. 

y p TABLE 4 

TABLE 3 20 Column Name Formula (Description) 

Column Name Formula (Description) A Client ID from Table l 
B Xfmr ID from Table l 

A Client ID from Table l C Deltat from Table 3 
B Xfmr ID from Table l D Change from Table 3 
C ROW Number from Table 2 E Change in Change/ from Table 3 
D Test Date from Table l 25 Year 
E Test Value from Table 1 F Collar from Table 3 
F Date 0 First Test Date G Xfmr Velocity Average Velocity (Sum Change/Sum 
G Time (t) Current Date — Date 0 Delta t) 
H Dcltat Current t — Previous t H Xfmr Acceleration Average Acceleration (Average Change in 
I Change Current Test Value — Previous Test Value Change/Year) 
I Change/Year Change AHHu?liZed (Change/Delta t) 30 I Xfmr Standard Standard Deviation of Each Xfmr Collar 
K Change in Change Current Change — Previous Change Deviation 
L Change in change/ Change in Change AHHu?liZed (Change in 1 Average Xfmr Collar for Xfmr Acceleration (i.e., Min (0, 

Year Change/Delta t) Acceleration Xfmr Acceleration)) 
M Change in Change/ Set All Greater than 0, Equal to 0 

Year Collar 

35 As illustrated in Table 4, columns A-F contain information 

As illustrated in Table 3, columns A-E contain information Obtamed from Tables 1 or 3’ Whlch are? descnbe‘l above‘ 
Obtained from Tables 1 or 2 which are described abOVe_ Column G contains a Transformer Velocity value (i.e., ?rst 
Column F contains a Date 0 value that is equivalent to the ?rst denvatlve 716) that 15 de?ned as Average veloclty (Sum 
test date for the individual associated With Table 3 (e.g., the Change/Sam Delta 0- Column H contalhs a Transformer 
transformer 202 as designated ABC2). Column G contains a 40 Aeeeleratleh Value (e'g's Seeehd dehVatlVe 71?) that 15 
Time (t) value that is de?ned as Current Date-Date 0. Column de?ned aSAVerage AeeeleraIlOn (Average Change 111 Change/ 
H contains a Delta t value that is de?ned as Current t-Previ- Year) COlumIl H COnIalnS a TranSfOI‘mer Standard Devlatlon 
ous t. Column I contains a Change value that is de?ned as value that is de?ned as a Standard Deviation of each Xfmr 
Current Test Value-Previous Test Value. Column J contains a Collar. Column J contains anAverage Transformer Accelera 
Change/Year value that is de?ned as Change AnnualiZed 45 tion value that is de?ned as a Collar for Xfmr Acceleration 
(Change/Delta t)- Column K Contains a Change in Change (i.e., Min (0, XfmrAcceleration)). It is noted that Table 4may 
Value that 15 dehhed as CthTeht Chahge-Prevlehs Change be test speci?c, so a single individual may be associated With 
Cehhhh L eehtalhs a Chahge 1h Change/Year Value that 15 multiple versions of Table 4 distinguished by the type of test. 
de?ned as Change In chahgeAnnuahzad (Change In Change/ With additional reference to FIG. 9, a method 900 illus 
Delta 0' Column M Contams a Change In Change/Year Collar’ 50 trates one embodiment of the process illustrated by Table 4. In 

Whlch “its for Values grfater ?zian Zera alllld setts all values step 902, the method 900 obtains data needed for the various 
§reate_r t in Zero to Zero‘ Us erstoo t at re erencesw a calculations from, for example, Tables 1 and 3. It is under 
Previous value, such as Previous t, may refer to a previous - - - - - 

. . . . . . . stood that this data may be obtained immediately prior to or 
Table 3 for this individual from a timeline perspective. The . . . . 

. . . during the step in Which the data is needed, rather than at the 
values determined according to Table 3 are used in other 55 . . 

- beginmng as shoWn. In steps 904, 906, 908, and 910, respec 
calculations of the component 704. _ 1 1 f T f V 1 _ T f A 1 

With additional reference to FIG. 8, a method 800 illus- ‘We?’ Va ues or rans Ormer e 901W’ rans Ormer Cce ' 

trates one embodiment of the process illustrated by Table 3. In eranon’ Transformer Standard Den/lemon’ Average Traas' 
Step 802 the method 800 Obtains data needed for the Various former Acceleration are determined as described above With 
calculations from, for example, Tables 1, Table 2, and the 60 respect to Table 3' MethOd_90_0 may be repeated for each test 
previous Table 3. It is understood that this data may be Performed for the ethTeht 1hd1V1dha1- _ 
obtained immediately prior to or during the step in Which the Refemhg agalh to FIG 7, the Set eheht Class Parameters 
data is needed, rather than at the beginning as shoWn. In steps fuIlCIlOIl 710 Includes calculatlng a ?rst denVatlVe 720, a 
804, 806, and 808, respectively, values for Time (t), Delta t, second derivative 722, and aposition 724. This is described in 
and Change are determined as described above With respect to 65 greater detail beloW With respect to Tables 5 and 6. 
Table 3. In steps 810, 812, and 814, values for Change/Year, 
Change in Change, and Change in Change/Year are deter 

The folloWing tables (Tables 5 and 6) illustrate information 
that may be used With the set control class parameters func 
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tion 710. More speci?cally, Table 5 relates to the ?rst deriva 
tive 720 and second derivative 722, and Table 6 relates to the 
position 724. 

TABLE 5 5 

Column Name Formula (Description) 

A Client ID from Table l 
B Collar from Table 3 
C Average Xfmr from Table 4 10 

Acceleration 
D Client Xfmr Standard Standard Deviation of Collar by Client 

Deviation 
E Client Xfmr Average Average Xfmr Acceleration by 

Acceleration Client 
F Control Xfmr Standard Standard Deviation of Collar for Control 

Deviation 15 

G Control Xfmr Average Client Xfmr Acceleration 
Acceleration 

Table 5 includes information for both the set client class 
parameters function 710 and set control class parameters 20 
function 712. More speci?cally, columns D and E relate to the 
set client class parameters function 710, and columns F and G 
relate to the set control class parameters function 712. As the 
present discussion is directed to the set client class parameters 
function 710, columns F and G Will not be discussed until 
later. 
As illustrated in Table 5, columns A-C contain information 

obtained from Tables 1, 3, and 4, respectively, Which are 
described above. Column D contains a Client Xfmr Standard 
Deviation value that is de?ned as a Standard Deviation of 
Collar by Client. Column E contains a Client Xfmr Accelera 
tion value that is de?ned as an Average Average Xfmr Accel 
eration by Client. These calculations may be repeated for 
each client. 

With additional reference to FIG. 10, a method 1000 illus 
trates one embodiment of the process illustrated by Table 5. In 
step 1002, the method 1000 obtains data needed for the vari 
ous calculations from, for example, Tables 1, 3, and 4. It is 
understood that this data may be obtained immediately prior 
to or during the step in Which the data is needed, rather than at 
the beginning as shoWn. In steps 1004 and 1006, respectively, 
values for Client Transformer Standard Deviation and Client 
Transformer Acceleration are determined as described above 
With respect to columns D and E of Table 5. 

Referring again to FIG. 7, Table 6 (beloW) provides infor 
mation regarding the position 724. 

30 
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TABLE 6 

Column Name Formula (Description) 50 

Client ID 

Last Value (Position 0) 
Xfmr Velocity 
(Velocity 0) 
Client Xfmr 
Acceleration 
Predict Time (p) 
Client Predict Velocity 
Client Predict Position 

from Table I 
from Table I 
from Table 3 
from Table 4 

55 
from Table 5 

Integer Year Out into the Future 
VelocityO + Client Xfmr Acceleration * p 
PositionO + VelocityO * p + Client 

Acceleration * (pA2/2) 
EC)“ 

60 

As illustrated in Table 6, columns A-E contain information 
obtained from Tables 1 and 3-5, Which are described above. 
Column F contains a Predict Time (p) value that is de?ned as 
an integer year out into the future. This is the future time in 
years for Which the prediction is to made. Column G contains 
a Client Predict Velocity value that is de?ned as Velocity0+ 

65 
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Client Xfmr Acceleration*p. Column H includes a Client 
Predict Position value that is de?ned as Position0+ 
Velocity0*p+Client Acceleration*(pA2/ 2). 

With additional reference to FIG. 11, a method 1100 illus 
trates one embodiment of the process illustrated by Table 6. In 
step 1102, the method 1100 obtains data needed for the vari 
ous calculations from, for example, Tables 1 and 3-5. It is 
understood that this data may be obtained immediately prior 
to or during the step in Which the data is needed, rather than at 
the beginning as shoWn. In step 1104, a value “p” may be 
obtained for a Predict Time (p) function. In steps 1106 and 
1108, respectively, values for Client Predict Velocity and 
Client Predict Position are determined as described above in 
columns D and E of Table 5. Method 1100 may be repeated 
for each test performed for the current individual. 

Referring again to FIG. 7, the set control class parameters 
function 712 includes calculating a ?rst derivative 726, a 
second derivative 728, and a position 730. This is described in 
greater detail With respect to Table 5 (above) and Table 7 
(beloW). More speci?cally, Table 5 relates to the ?rst deriva 
tive 726 and second derivative 728, and Table 7 relates to the 
position 730. 
As discussed previously, Table 5 includes information for 

both the set client class parameters function 710 and set 
control class parameters function 712. As the present discus 
sion is directed to the set control class parameters function 
712, columns F and G Will noW be described. As illustrated in 
Table 5, columns A-C contain information obtained from 
Tables 1, 3, and 4, respectively, Which are described above. 
Column F contains a Control Xfmr Standard Deviation value 
that is de?ned as a Standard Deviation of Collar for Control, 
Where the control set may include individuals that correspond 
to the tested individual from all clients. Column G contains a 
Control XfmrAcceleration value that is de?ned as an Average 
Client Xfmr Acceleration. 

With additional reference to FIG. 12, a method 1200 illus 
trates one embodiment of the process illustrated by Table 5. In 
step 1202, the method 1200 obtains data needed for the vari 
ous calculations from, for example, Tables 1, 3, and 4. It is 
understood that this data may be obtained immediately prior 
to or during the step in Which the data is needed, rather than at 
the beginning as shoWn. In steps 1204 and 1206, respectively, 
values for Control Transformer Standard Deviation and Con 
trol Transformer Acceleration are determined as described 
above With respect to columns F and G of Table 5. 

Referring again to FIG. 7, the folloWing table (Table 7) 
illustrates information that may be used With the control class 
parameters function 710. More speci?cally, Table 7 relates to 
information used for the position 730. 

TABLE 7 

Column Name Formula (Description) 

A Xfmr ID from Table l 
B Last Value (Position 0) from Table 3 
C Xfmr Velocity from Table 4 

(Velocity O) 
D Control Xfmr from Table 5 

Acceleration 
E Predict Time (p) Integer Year Out into the Future 
F Control Predict Velocity 0 + Control Xfmr 

Velocity Acceleration * p 
G Control Predict PositionO + VelocityO * p + Control 

Position Acceleration * (pA2/2) 

As illustrated in Table 7, columns A-D contain information 
obtained from Tables 1 and 3-5, Which are described above. 












